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(57) [i§$J] 

T«aas»5rtic«iM-«>-yy t^ssi i o. 

U-tfWHMi 12 0, * <fctf«2g8§ 5 rt<D?8«ffig 

^^x^miR-rs^-y-y brnotm 1 3 Orudis 
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1 

yXvxmMfc&^X, 

MiH^-y>y vzmtzz-fvYmmts mis 
mmwzmzz t^mtt^-^yx-rxm 

Mo 

inxmi mib&?©s«. mw-vvhicmMt 10 

[H#«3] MfiBMWif&tfx-e&sctfcfttfc-rs 

mm4i Misem mMw&mx'&zctz® 
mttzmm 1 <Du-^yx^xmmo 

vx&zmm- 1 %xx t ommxm 
fctnzctzmttzmmi <ois-*?-?yX-?x 

20 

mm6i v-vmz-fv hmtnixfyx-? 
*£f&u z<D7yx-?frt>xm*%$LZ*£%\s-*r? 

mzz-vvvmmzz-'fvYmmt. mib 
zu-mmw*m< wsmu-mmma. mib 

iSftnfcMfBBiRQfcCMCMfB*-^ Mc, MfBP 30 
5Xvx$8£o 

mc^Mt^m^yx^u mmm^tnrzu- 

$mi<du—*?7*7X-?xmmo 
mmsi mm\ <Du-if7yX-?x®mt, mib 
i<-*?7y x*? xtmx'ftSi btc xmz-vx $\m<fk 
m?-£, mz?z>7-?&.%ircxmmkLxm 
#*x;Mcmtzxm'\M%$7-tmz.zct 40 

tmm9i v-ymz-vvYKmLxyyX'? 
z$.i£Zi£, *<D7'7X-?frt>xmm£z*£, mi 
tcxmzmw^^m^xmzmw*x>^*% 

x, 

mtmtzmstzxTvzf, u$znm?t% 
wtzmnmicmtzxTv?, ^*t>\ 
titm?tmt<D&£ft*$-?v h t Lxv-yyt 
zmm%XTv~?zmzct*mttz*m ! 8i 50 
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imxmi 0] v\z.mLx?yX 

•?££$U ZtDyyXvfrZxmZfttkZikZU— F 
y^Xvx^ilKcfe^Ts 

tzmttzu-vfyx-rxmUo 
inxmi 1] hcii* ltx^x 

v*4«s^ z<D77X~?frp>xm*%£.i<^ m 
trcxm^mw^^cm^xtimm^^^ 

x, 

m-tmt*m:t%XTvx, *3*t>\ n?tm 
i<Dm£fc*z-7yhtLxv-*fmmmzx7- 

[000 1] 

>y hKMtfUTXvXvfc^U WfyXvftbX 

mmmz>]s-*f7yXvxmicMtZo 

[0002] 

im<D&m #$¥6- 281799 ^«tt, #**D*. 
[0 0 0 3] ttM861-1539359£fR& iTFStlfc* 

&&micis-*fmm%Lxxmzmz#%ztm 

[0004] #M¥2-100297 *4**4, U-lfftO* 
[0 0 0 5] #8*8857-41167 *£«4, WWfcSnfc 

[0 0 0 6] r^-ixi-- M/yF'-Y^-^Xr 

A • fr/H^/W*!/? h ♦ U V 957 4 (S&k, Trends 
InOptics and Photonics, vol.4 , EXTREME ULTRAVIOL 
ET LITHOGRAPHY) (1 9 9 6^), 6 6lJ X£§ 

H»LTXll*^Se*c i: 
[0007] 

[Ig^flPftLi^fc-rSiS®] U— ?tttf*-y«y h 

HUBS® (t^>dj)VX^^^y) LXJtyit 
U \s~V7yXvffmtZo m.Lrc\s-VfyX 

•vfrbxwmsLtZo z-fv h<Dn%<omm*vm 

Wot, t^rW^^^^^MC'iSS^L/— If 
^g«S*5o *Xr-r*rt/XW* 3 

[0 0 0 8] XH'^^yBBffltt, 1 W 
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X) , 2-.WiW, 3 : BflaDHfc*^. f V**«fc 

7h^s^(t xmmm cwtfcu-if© 
[0 0 0 9] u>>u u— tfs.kot^t^a^r- 

mc&b*), ^oaaAWSo tLxv-^f^x 

coo i o] @(**3 < fct>mo^-y<)' b^p— »fg<t 
vm'pt, xfmmhmimfctszmfctg&w 20 

t$>®mx&z 0 

[0011] ##xii©{t¥Wic££&M**^s# 

imzm\z%z<Dx\ T-7vizm.L%^k\ mt 
zctimbt, %feLxxM*m2#zztt>mm. 
xh% a ttc ft&xmmmmibnzrctb. mt 
zmtmmzt, mfmKxmmmit&mz- 
y7b=t?)feffi<*5„ 30 

[0 0 l 2] -7j, <mm-Vv hXlt, Httfccfctf 
£©T'££LTX$£?S£2€SCfctfT-tS#, 7b 
»lWti> r:?"y x$£&$m< 

[0 0 13] 40 

[ss^»^-r5fcJ6©^g] ±fHBW%^)«-r5*% 
wmmt. mtmtzmsLxz-fvhti, 

<D®m®<Dm=?<D®Mffmzt>%^<DX\ Tzrvrnz. 
[0014] ztc. ftTtrntttm-etLrct-vvt 

im%2nXffiW£%i), U— V'WXlZftlxmc* 50 



Wl 0-2 2 1 4 99 
4 

-7vhffm$nz<ox\ xmzzmcmzazc- 

[0015] mtmtttmsircz-fvh 

ntxhz-hK 7Mt?vymmimm*-7vh 
tmxn.mfrt-'fvhzomwx, mo* 
<Dfi-?y ha*)t> f^^mmm)^ < , x^ 

*-yyK 43J:t>\ hJ^iSKI- 
[oo 1 6] ttc f^^mmmt^^aMi-t 

\y-^fyx^t>^w^ii. u-*fxmmc&?fcx 
m.mmzmLi<#%z.ti*X'Zz> a 
[0017] xmvmmm, m-v&m-f v 

7Xvimm.m£*)2<<Dtt : ?m&tz><Dx\ % 
£ts xmmmti. »>»< -rs c tftxzz* 

[0 0 18] *^©ffl<Dltm«, m»3b^7.T'fe5 

<Dmxm£mmmm?%EMmLx$>, 

[0019] *m<»m®m±, m?ftm&<o&m 

[0020] *^©faoitma, *-y» hit, =tti 
znmmmm&m&im Kx&z&mki-tm 
xt<ou%wx'®f§.zti%z-£K&%o cmmic&ti 
t£, ^x^x&mmtftiSKttit, mmm 
xm%mtz(ox\ z-fv h\cE*>^-m^is 

*) mmm^xmff'mnzo 
[0021] xmmmmt, u^trntzmG 

mu\zmLxtmtmvmmLxz->fv 

am. ^yX-vitiKfr^mtt&xfmtft^m 
mmicm^rc%L?ts£vmft?mmz<DX\ m 

[0022] ^mmmmt, v— mmm&is 
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[0023] xmxomomit, mm?-mm 

n«f> u-^^Xvx^iST*r^y©^^'>%^o 
^7-* Hoxn^jR^n^fflioaa^w^ i: 

k^T**. Sft, l/-»f:/5X^X*Bfr&£iBc« 

jtjw«^x«K«nie«nso^ Bjw^£-r*ct*» 
[0024] *-y<y wsmmzormzft 

©J»£«i'JvS:<* S^oflfflbWEceftv^o-p, f7 20 
y©S£»>&<tS<:£tfT*£, fi?©#©2-y'y 

[0025] 

y«yK)!)»v^X««SB»**J:tfX«OKV«k, « 
tt*-y-y KD'>4^f^'JttlU BftSfttttttt 

*p— •fft*ofe+»/h*v^»?'«o*-y» net 

H<M3J:If}«*0|»6^«0*-yy hfcla 30 

Uft 0 

[0 0 2 6] *fe, SMHfefi, 0tt3:ft{iffift©«ii 

* y $ y Httim* ft H«*W>»?07 w * y 

T-7«©@tt$ft{i$ft*-y<y h*D**/JvSV> 
i)\ HftSftttttttoafi^ft^sas^-yyh 
GKT\ M&^-y-ybfcfttS) , fc<fct>\ mtt© 40 

CttT, M*2-y>yhfcftt 
5) Kit^T, **fcX«8»W*#r*<:J:*»ll 
Lft, 

[0 0 2 7] WTP, S8fi?iI£;tfX*-y>y h*JB^ 

[0028] (nsfB^j i ) *f£i¥i©8? i ©f&asGj-cfcs 

l^^5XvxWB*ffl0^fci|siWW3afilB*H 1 fc 
St. ¥#{*Bftg««:, X«*astt*X«i84»l 

o o fcB)W»fcft»6«iia«n*. sxtf 2 o oti, so 
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xwasioomfcxn 4%xwiai655- 

1 5T*TX^ 1 6 tUf , VX* 1 6T'K3*L/cVX;7 
/<*->*XKWkl«3tt57-l 7-elS/M/T^X/M 
8 QKH) fc«Bt*fc©T?fc<5. X$£fg£S5l 0 0£ 
lfL<IK^tSo X*a4®10 0tt, *-y>yh©J§ 

t Lx*sm» 5 rttfltt&t* *-y >y nissi 1 1 

0, WK^fi^ffX^-y? h 1 OKI/— ?%2*Kltt 
1 5 (f KlftHI 12 0, J: tfK^ggg 5 rt©«8li 
?S£#X*|p|iRt5*-y«y MURS! 1 3 0*6* 

[0 0 2 9] 2-y>y FO^II l l Oti, U-lfftJ: 

6, ^x*%«$nft^x^y^7. nm-9>^e 

< &ftft»&?®s#x**2885*fciai*t3#*& 
[0030] u-mmm 120a, u-^2 

4tS 1 , *«fe U— !fM£ 2 *iK£t* 

iRj|tU>X3 U-1f )fc8£8 1 tt, YAGl/ 

-*f J f>x*>'VU'-1f&£©, /WXHtfftl On 
TT*, 1'M/X&ft9©lftf)tfftl 0mJ^e>Stl 0 J 
Cl/-4fft2«!£t6t»©tfJrt\ U-ifJt2«, K 
5 *©$©?ig£#X *-y -y h±T*& 1 0 ~m 
1 0 0/*mfCftS*aiClR*l/>X3TlR$^nS. 
— «fX5Xv l l *584J-&*ft»fc> W&?m&tiX 
Y 1 0±T*©x^.;l/^-ffifitt 1 0 15 ~ 1 0° 
W/m 2 SS*U^o 

[003 1] *-y«y MhIKSB 1 3 Ott, K^g^5 
rtt^ie^ti, X^XvfbLft^o/c^fctiS^ffitc 

2, &£tfPK8l 3*«A*. 

[0032] n$Si§5rtt«, «*&yx;i/9©i«i>fn 

IWNL99Y\ 2©@iKPt*WtSJ:^li:ffiH$n 
Wi. b-tfMSll 2 0*>e.©U— 9%2ti, * 

a»S85©aiiitR»t6nfcu-tf3t»ia4 «s»l 
ts x/t/ 9 ^ enwsnfttna^^^x ^-y 

•y h l OfcJSMtin*. K^Sf§5rt(i, K?S^yX 

(0^t) fc«fcoT<ffiE^t«ftnri/>s 0 

K^SS*©^*! 0- 2 ~l 0~ 3 torr£U Q$&y 

Z-fv h 1 Ott, ®&LTm<0#®t*Z a 

X. X5 Xv{b Lft^oft Sft \t%nW®cM^> ft«tt 

?®^^X3f-y-y h l OttHJR^ h l 2teA0, X 

ffis»5rt*»ei»i?n*. 

[0 0 3 3] SSSi^ii^JtfX^-y'y h 1 otiMS-e 
ftU-«f)tt2*!aWt*4:» U-if3t2©^*®l* 

^tj;D, taa^ii^x^-y-y h 1 o*©^^ 
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$?t>y) ZLTJtyittZo temmtfttiztt? * [0037] im\syX3T'imz-£rzis-ifft2(DB 

<M*ywc* o m. mwmm if©s viz u-^mm^tomm 2 t^to u-^fje 

flSSffil^tfX*-^ >y h 1 0©l/-U%2*W<iiH «tt?S^X*-yy h 1 0©U— !ftt2K 

iSSiSiSjg^— «f X5Xv l UW&iteft*. J:oT»Wi31g8©55, l/-1fllBMW7W** 

[0034] I/— If XvXv 1 1 £ >B«M±OlW«'ttt*yr -f #^7 W * ^tf 

h i o tstnz&mmtft mc d u-ifx^xvam* i/-ifft&&tf x 

jffx©7t*©«& fcitfb-tfoWWfeftfc.fcoT M*#*ymvn : <omx-itl<-V7yXv&%3i 

S^SfiT'ft 1 0 0 e Vtt-L «?£fiT* 1 L£</> 0 I/— IfXv Xv#%£1" 5 Xi7 XvffcWf 

o 20 ~i o 22 /cm 3 gjSfD^xvA^tsti^o io mmt^oo 

[0 0 3 5] U— V7?X-? 1 1 «t)©a?©Milfi^, [0 0 3 8] ^7©&tf U-^lK£g|5»Tffi©g<fc t> t 

tma»Mk&c**)s is-iffyXvi ifrb&mi m&tzmm (k(x)> a#7y:>*MWcf&\ #s 

^aStfelt5*»-m»a^Oj8Sfc«kO, #14X$ (m 3 ) , «S?fi^X*-yy b 1 0>f©f8tfrPt& 

jWRtatns. b-tfx^xvi ift»6»ai«nfex« a*n (/m 3 ) 

ttWft-r*»3W2 0 0-pffl^6*l*. [0 0 3 9] 

[0036] XvX^{tf>r&©8rt©lfiff©ft fc [ft 1 ] 

xa©8£fc©H«co^r, WHt*. * 

K(x)=^-e- tt "(*D 

[0 0 4 0] (fc£U a = nV) LfcffoT, tttt? ttiPOft (ttJMD X^X^^^ 

mvzmr (ft i ) tfu u mtpafctfxoft [0044] yvmmam 1 . 5 wrm mm 

*fr?*«n*£*ntf, Sg^KUK-X^XvfcnfMi fc*UMItt8H:--«U aHlOX^XvffcpI^i^rt 

[004 1] $&?il£#X*-Yy M OKU *. COUdtt, U-!f*fi8l*UTfcU— tfX? 

-VftZZmLXU-VfyXv 1 1 «8SS«*fc Xv*^L**^fc«H (7W^-»A'0T^5 

t©> ^5X^ft^llMI«fc*Jt*«tt?©»t*^r KM) ®*»Wfc\ 

^ a^m * ^-r zmkTomc-o^xmit 30 [0045]--^ f^ft a 6 . 6 m 

s 0 mm* y a g u— vvmzwm. (i§5 3 2 n tm<omm^mwm^f fttvs,, -r&*>s, n 

m) ©l/-U%2*J8V\ tftfM OOmJ/VW* (/< ^T**Xx'i'*;l/XW^^'»b/c^JK[?©ft(itf@ 

1 0 n s ) t% u-*mmm<omm 10 e * 5 t'>*K cna. *xr * *;i/Xi^ 

(imtLfc ae^s^xictt 0 . 5 ^ m ©g©?»© Lfcaatftf u-if wt 5 ©?, £ < vms&it 

¥tnuxitm*fto f?T4*})\<7U4->?#'yyt% t is-vm&ff^s. 

[0042] u—vmtufa (02 © z ma r*© 1 u *titt±oaftW7w*^yp*4i*ftf: 

^«Jt©5BlHlfi»#*JII£Lfeieil*H3lc*t. « & ^-Xxw*;l/XW^X'»-r5^S?©ft^Ji- 1 f' 

IBtttSk, tftt>^, nm-ft*-7T4ivWW? 40 [00 4 6] Sfc, C©«^tt, tXr^A^XW* 

■fyx-rmmmmmt^f4^)i7iy^(^^yb tmm-mm^m) itov&zfrz. v-<f% 

ftifiWUMi^ (a) tie-*tf losfctu ^^tntf^-fu— *fX5Xv*^^nSo 

?yXv{mtmw$z*7T4iih7\''(t?t>yL x. c<omm<o^<oM\ u—mzmkic&ticx 

s 0 [0047] xmrntztuf . ixwm&mti 

[0 0 4 3] 1^;1/X©1/— *f*JSitU^— ' IfXvXv 5o 

*±fcz#mm7*T4*i\<7i'4t?vyitcW& [0048] *nas0«m p-ifjifi©aj:ofe/h«^ 

?©ft 30k«[) vmftfit, oki)®#7yy£ ^iffi^fct^t^ig^t^e^i^x^-y 

^m^Tmirzt^T4ii)i7^^^yim 50 yh*ffl^*ciicj:»), ^«f»tt?*-yyb» 
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[0 0 4 9] wBffiRStfx*-?* bit. wmm* 

[0 0 5 0] \s-vffifin<m?MGXz*-yv b 
j>?irvymit®#&m*-7v btmmtm*- 

•fTjijjwisjt^ytmm-omt, &mm 

< &S©T'X&©«S{iiS< £-5 0 

[0051] ttc, ^x^mmmmcz^mm- 

[0 0 5 2] #HS&0tjm ££21 20 

^tfc^-y«yh^x^ss5rtjc«^u is^nx 
[0053] *mmmt, x^xvftLSfro/c*- 

fv b*mtZ<DX\ K2g§85rt£{ffiEtc&o<:i; 
#T*£, K^St§5rtcD^X(c t }:5X^©iSiR*K<-cO 
T\ 5££U£Xil£©fi&£ro<-£i:tfT^£ 0 
[0 0 5 4] *H«T*tt, &«»S : ?*ffl^fc#, & 
H{ClSe>1\ X^XvlkLTXifil^^tSfe^T'^n 30 

[0 0 5 5] @fttfcti^ft©^fi?©7C^ 

*tf, Sn^SbftHOTaROfHS^l^ntfx Sn 
b&if{iM$<D*#14Xi|gtf 1 3 nmjfi&T'&a© 40 

x\ mmmmi 3nmjfi®©xaatfi#6ns 0 * 

tc, ^ftt 1 3 nmarttOWttXHStttB-rSX efcffl 
^Tfc, 1 3nmjfi8<DX$jbM§6n3 0 Sn^Sbfc 
£0^<D«tt?fcXe#X*BaLT*-y* Mcffl 

S©*^ 1 3 nmifi£©Xlii!tfff 6nS 0 
[0056] (MR 2 ) *m<0% 2 OH10tJ%0 5 

*mmt, si©*aiw©i/-»rx 
yXvximt. «a«n*x«K»iaitt*feft*, x 
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[0 0 5 7] « l ©ftftMfcffillc, K2Sf§ (asa* 
S#£iRil?I^X3£W\ «tB£n*X«©fl»>fc* 

2 2*ja»-r mmm vm. 

mom mm-f) mLxmsmmv, 

ttlH«n*X»OJiOfcft«E*9lftlUft^*^0 

[0058] wmcmtnrc\y-^%zmm-u^ 
fizz-?? b i ofcjtairen*^ m#s©u-ifx 

5X^ i i «l, i/~ >fX5XT l l ©«*#fiifc 

ikxhi 4)W»a«n*, coj:5icttffl«n*x« 

[0 0 5 9] g«tftfflfc:fR»LT< SS?«Sfc(ig? 
tt©rX«J 2 l t«?e-A2 2*JH*t*Si:, HtFtt 
SfcttRPRCrXU 2 l li££fcl§-f *yfc** e » 

-rtyfcUcrXU 2 1 «-r*y@iR*a2 4K!i^n 

TlHliK$ns 0 o<DlHliR««i2 414, fyX^itLX-f 

*ytf.xmwiLx<ZT7Vt>®uxi*z>o ftix, x 
mm&L® wmt) ©rxu 2 1 zm#>xmt> 

tftX'ZZo 

[0060] tits m%xj*y<tLrcT-7V 2 1 fc® 
iR-rs@iRWi2 4©*»t>oic, mmxJtyikLrcT 

XU 2 l©»iilWL£<:fcfc c koT, rX'J 2 l tfX 
[006 1] (gffiffl 3 ) #£W©lf? 3 OXMH 6 

KavmtZo *mmtts mm&tix**-? 
•y btctzu-yfvXvxmmfcis^Xs mitzis 
-vk 2 %i$raMofe« 2 o<D^/i/x-e>!S*i-5 u— if 

X5XTX«lii<D^T*feSc 
[0 0 6 2] 20©/WX*»&. M»t5^i:tT 
U-«f3t»«aHeteWfi2 6*ffl^*. l/-1f3t»«ol 
ilEJfeWR 2 6 (4, l/-1f«4» 1 <DU~Vffltm*# 

<D-n<Dis-v%<DmZs m<ou—fmm^o 
g<t5$7-28£> z-xDu-vmsi&Lxnxf 

100b-if)t2fr-5e-A5*-9— 2 9^ffi^.5o 

2o©b— vm>wms momcitMLxmm 

[0 0 6 3] 5fetc?se?s^^^-y-y h i otm 
ztirz® i <d>W7sX\ u-+fx^xv 1 1 *^±-r 

X5Xvi i*W»t*ci:««T»*, X«9«£«*«X 

Tmtx-mx-zKii^fcmtts jb2©/^k 
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[0 0 6 4] £fc, 2O0^;l/X<DM^ft«*H)5i5^ 

<, 2^UHf^Bl*H^*J:3fcl/CfcJiBr\i 
CO 0 6 5] *«SMflKJ:ntf» K^XKW4«*3WI 

e>n, fro, tt^t^uoafi^M?***:^** 

[0066] (UttM 4 ) *£iy§(Di! 4 ©HSi§0!l*0 7 

-y-jrbBiBatBl l 3K*Km&t*£z*1Mlr 10 
S#8t8§ 3 0 7C©fflU?^>^6Rtf^X* 

[0 0 6 7] <fcoT, 44SKMicJ:ntf, St^rt 
VXtftt*?** gfc, tfXfcLT, XetfXOiSfc 

[0068] 

BSPJOflMH WTO»*W6h 

[0 0 6 9] «tffc«#fc*8fcl/t*-yyhi:U 20 

*-y«y h**»u i — mm 

mmttzntz?-? >y v e i/~ «f jtttMBt* c t 

k yyh*otxieai«w 

So tit. mv&vfi-vvhZQt-fyZvmm 

mi-<om^<s mtzxm<Dnmt>, mow 

-y<yk fc<ktf, ^ft<D#©*-y>y hJ^iSKtS 
c i: tf-et S * ft, i^-*«*j«rt-ntf l/-»f y 

fc^^-e-scfcfrT-tSo 
[0070] «?o®(«*-y» Mcjm#«n*u-if 

oaKottyaflWEtso-e, M4-rsxii£D»g%<fc 

t)iS<tSCtfrT*tSo 

[007 1] *&fc*fctfx*ffl^*cfcfcJ:9, $#X 40 

0 '>fc < t S C fcfrT'f So 
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(54) LASER PLASMA X-RAY SOURCE AND DEVICE AND METHOD FOR 
EXPOSING SEMICONDUCTOR USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the occurrence of debris and increase the 
efficiency in the conversion into X rays by using a mixture of particles and a gas as a 
target, jetting the target by a target-supplying device and irradiating the target with 



laser light. 

SOLUTION: A target-supplying device 110 is equipped with a fine particle tank 6 filled 
with metal fine particles which are sufficiently smaller than a laser in diameter and a 
gas cylinder 7 filled with a rare gas. The particles and the rare gas are mixed in a mixer 
8 and the resultant mixture is squirted into a vacuum container 5 with a supplying 
nozzle 9. A target 10 made of a gas mixed with fine particles is irradiated with a laser 
beam 2 from a laser irradiator 120. Elements of metals and molecules of the rear gas in 
the target 10 made of the gas mixed with the fine particles optically break down and 
ionize. High-temperature and high-density laser plasma 11 is formed. X rays emitted 
from the laser plasma 11 are used in an exposure section 200. The target 10 made of the 
gas mixed with the fine particles conducts so little heat that the metal fine particles will 
not melt and that the molecules of the rare gas will not become debris, which makes it 
possible to reduce debris. 



LEGAL STATUS [Date of request for examination] 14.02.2001 
[Date of sending the examiner's decision of rejection] 20.08.2002 

[Kind of final disposal of application other than the examiner's decision of rejection or 
application converted registration] 
[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of rejection] 

[Date of requesting appeal against examiner's decision of rejection] 

[Date of extinction of right] 



* NOTICES * 
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3.ln the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] It is the laser plasma X line source characterized by having the target 
fuel injection equipment which a laser beam is irradiated at a target, the plasma 
is generated, and said target mixes a particle and a gas in the laser plasma X 
line source which generates an X-ray from the plasma, and injects said target, 
and laser radiation equipment which irradiates said target which had said laser 
beam injected. 

[Claim 2] The path of said particle is the laser plasma X line source of claim 1 
characterized by being smaller than the path of the laser beam irradiated by said 



target. 

[Claim 3] Said gas is the laser plasma X line source of claim 1 characterized by 
being rare gas. 

[Claim 4] Said particle is the laser plasma X line source of claim 1 characterized 
by being the metal of a low-melt point point. 

[Claim 5] Said target is the laser plasma X line source of claim 1 characterized 
by the wavelength of each characteristic X ray consisting of mixtures of the 
almost same metal particles and rare gas. 

[Claim 6] In the laser plasma X line source which a laser beam is irradiated [ line 
source ] at a target, and the plasma is generated [ line source ], and generates 
an X-ray from the plasma The target fuel injection equipment which said target 
mixes a particle and a gas and injects said target, The target recovery system 
which has recovery opening which counters and carries out opening to the 
injection tip of said target fuel injection equipment, and collects said targets, It is 
the laser plasma X line source which is equipped with the laser radiation 
equipment which irradiates said target which had said laser beam injected, and 
is characterized by said laser radiation equipment being what irradiates said 
laser beam at said target between said injection tips and said recovery openings. 



[Claim 7] Said laser radiation equipment is the laser plasma X line source of 
claim 1 characterized by the laser beam which has the convergent lens which 
converges said laser beam on a line, and it converged on the line being 
irradiated by said target. 

[Claim 8] The semi-conductor aligner characterized by having the condensing 
mirror which leads to a mask the X-ray generated in the laser plasma X line 
source of claim 1 , and said laser plasma X line source, and the X-ray contraction 
exposure mirror which reduces the X-ray which reflected with said mask, and is 
projected on a semi-conductor wafer. 

[Claim 9] In the semiconductor device exposure approach which irradiates a 
laser beam at a target, is made to generate the plasma, leads the X-ray which 
was made to generate an X-ray and was generated from the plasma to a 
semi-conductor wafer, and exposes a semiconductor device pattern to said 
semi-conductor wafer The semiconductor device exposure approach 
characterized by having the step which mixes a particle and a gas, the step 
which injects the mixed particle and a gas in a vacuum housing, and the step 
which irradiates a laser beam by using as a target the mixture of the particle and 
gas which were injected. 



[Claim 10] It is the laser plasma X line source characterized by said target mixing 
a particle and a gas in the laser plasma X line source which a laser beam is 
irradiated [ line source ] at a target, and the plasma is generated [ line source ], 
and generates an X-ray from the plasma. 

[Claim 11] The semiconductor-device exposure approach characterized by to 
have the step which mixes a particle and a gas, and the step which irradiates a 
laser beam by using the mixture of a particle and a gas as a target in the 
semiconductor-device exposure approach which irradiates a laser beam at a 
target, is made to generate the plasma, leads the X-ray which was made to 
generate an X-ray and was generated from the plasma to a semi-conductor 
wafer, and exposes a semiconductor-device pattern to said semi-conductor 
wafer. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention irradiates a laser beam at a target, 
generates the plasma, and relates to the laser plasma X line source which 
generates an X-ray from the plasma. 
[0002] 

[Description of the Prior Art] JP.6-281799.A indicates irradiating a laser beam at 
the solid-state target of the shape of a tape rolled round, and generating an 
X-ray. 



[0003] JP.61 -153935, A indicates irradiating a laser beam at the dropped liquid 
metal, and generating an X-ray. 

[0004] JP,2-100297,A indicates irradiating a laser beam at the target of the 
shape of a buret smaller than the diameter of a spot of a laser beam, and 
generating an X-ray. 

[0005] Japanese Patent Application No. 57-41167 A number official report 
indicates irradiating a laser beam at the solidified rare gas or the particle of water, 
and generating an X-ray. 

[0006] "Office automation SUE trend Inn OPUTIKUSU- and - photonics, the 4th 
volume, the EKUSUTO ream ultra violet lithography (OSA, Trends inOptics and 
Photonics, vol.4, EXTREME ULTRAVIOLET LITHOGRAPHY) (1996), and 66 
pages" of things for which pressurization gas is injected in a vacuum housing, a 
laser beam is irradiated at the injected gas, and an X-ray is generated are 
indicated. 
[0007] 

[Problem(s) to be Solved by the Invention] If a laser beam is irradiated by the 
target, dielectric breakdown (optical breakdown) of the atom and molecule in a 
target will be carried out optically, they will be ionized, and the laser plasma will 



generate them. An X-ray occurs from the generated laser plasma. With the 
classes and conditions of an element of a target, laser beam reinforcement 
required for optical breakdown changes. The lower limit of laser beam 
reinforcement in case optical breakdown takes place is called breakdown 
threshold. 

[0008] A breakdown threshold is high in order of 1:gas (gas), 2:liquid, and 
3:solid-state. In other words, laser beam reinforcement for plasma-izing the atom 
of the same number can be made lower than a gas when using the target of a 
solid-state and a liquid. Therefore, when using the target of a liquid and a 
solid-state, X-ray conversion efficiency (expressed with the energy of the 
generated X-ray to the energy of the irradiated laser) is higher than the case 
where a gaseous target is used. 

[0009] However, in the target of solid-states, such as the shape of massive 
[ larger ] than the diameter of laser, or a tape, and a liquid, when the field where 
the laser beam was irradiated plasma-izes, propagation and its circumference 
fuse around the field where the laser beam was irradiated with the heat 
generated by the exposure of a laser beam. And the part fused by the expansion 
pressure force accompanying generating of the laser plasma disperses. This 



piece of scattering calls it debris, and there is as ** and its condition from the 
thing of the shape of the shape of ion, and a cluster to the thing of the shape of 
several 10-micrometer particle. This debris adheres to the optical element in a 
vacuum housing etc., and does damage. 

[0010] Although debris will also decrease and X-ray conversion efficiency will not 
have a solid-state and a liquid, and a change since there is no particle in a 
perimeter if the target of a solid-state and a liquid is made into the shape of a 
particle smaller than the diameter of laser, it is difficult to set and supply a 
particle-like target to the exposure of a laser beam, and it also difficult to be 
stabilized and to generate an X-ray. 

[0011] Although the target of the particle which froze the stable gas chemically 
[ rare gas etc. ] does not generate debris since it becomes a stable gas 
chemically [ rare gas etc. ] even if it fuses, it is difficult to supply and it also 
difficult to be stabilized and to generate an X-ray. Moreover, since the wave 
number of characteristic X ray is restricted, if there are the wavelength and the 
difference for which it asks, X-ray conversion efficiency will become lower than a 
metal target substantially. 

[0012] On the other hand, since heat conduction to a perimeter is small and 



melting does not happen in a gaseous target compared with the target of a 
solid-state and a liquid, there is little debris, and although it can be stabilized 
since it can supply continuously, and an X-ray can be generated, since a 
breakdown threshold is high and the atom density of a target also has it, X-ray 
conversion efficiency is lower than a solid-state and a liquid. [ low ] The purpose 
of this invention has little generating of debris, and it is to provide the 
semi-conductor aligner list using a laser plasma X line source and it with high 
X-ray conversion efficiency with the semi-conductor exposure approach. 
[0013] 

[Means for Solving the Problem] The description of this invention of attaining the 
above-mentioned purpose is to irradiate a laser beam at the target with which 
the particle and the gas were mixed, it considered as the target, the target fuel 
injection equipment injected the target, and laser radiation equipment was 
injected. According to this description, heat conduction of the target which mixed 
the particle and the gas is small, and since melting of the particle of the 
periphery of the field where the laser beam was irradiated does not happen, 
generating of debris can be lessened. 

[0014] Moreover, since the target which mixed the particle and the gas is 



injected, and serves as a fluid and a target is always supplied to a laser pulse, 
stability can be made to generate an X-ray. 

[0015] Moreover, although the volume through which the laser beam of the 
target which mixed the particle and the gas pierces is the same as the case of a 
gaseous target Since a breakdown threshold is the same as that of a solid target 
and only a gas is lower than a target Since a plasma-ized possible field is larger 
than a gaseous target and many particles and gas molecules are contained to a 
plasma-ized possible field, the number of the particles which carry out optical 
breakdown Since only a particle increases more than the case of a target and a 
gaseous target, the brightness of the X-ray to generate can also make only a 
particle higher than a target and a gaseous target. Therefore, X-ray conversion 
efficiency can also be made high. 

[0016] Moreover, many particles and gas molecules exist in a plasma-ized 
possible field, since the frequency where optical breakdown does not take place 
is 0, if a laser beam is irradiated, the laser plasma will surely be generated, and it 
can make stability generate an X-ray, without making a laser beam useless. 
[0017] Since other descriptions of this invention are in the path of a particle being 
smaller than the path of the laser beam irradiated by the target and many 



particles exist by the plasma-ized possible field, the brightness of the X-ray to 
generate can be made higher. 

[0018] Other descriptions of this invention are in a gas being rare gas, and since 
a rare-gas molecule is chemically stable, even if it adheres to the optical element 
in a vacuum housing etc. in the state of ion, since it combines with an electron 
and carbonates, it does not adhere as DEGURI. Therefore, since it does not 
become debris as a result, generating of debris can be lessened more. 
[0019] Other descriptions of this invention are in a particle being the metal of a 
low-melt point point, and since the particle by which the laser beam was 
irradiated is plasma-ized completely, generating of debris can be lessened. 
[0020] A target has other descriptions of this invention in consisting of mixtures 
of the metal particles and rare gas with the almost same wavelength of each 
characteristic X ray. According to this description, since metal particles and a 
rare-gas molecule emit the X-ray of the same wavelength in the plasma, an 
X-ray with brightness higher than the case where either is included in a target is 
obtained. 

[0021] A particle and a gas are mixed, it considers as a target, a target fuel 
injection equipment injects a target, and other descriptions of this invention have 



recovery opening in which a target recovery system counters and carries out 
opening to the injection tip of a target fuel injection equipment, and collect 
targets, and laser radiation equipment has them in irradiating a laser beam at the 
target between an injection tip and recovery opening. Since the particles and gas 
molecules which returned to the particle and gas molecule which were not 
plasma-ized, or the steady state are collected according to this description, the 
inside of a vacuum housing can be maintained at low voltage, and loss of the 
generated X-ray can be prevented. 

[0022] Other descriptions of this invention are for the laser beam which laser 
radiation equipment has the convergent lens which converges a laser beam on a 
line, and converged it on the line to be irradiated by the target. If the laser beam 
which it converged on the line is irradiated according to this description, the 
plasma of the leaf coil former occurs and the X-ray with large reinforcement with 
which many X-rays in the direction of a major axis of the plasma are emitted can 
be obtained. 

[0023] Other descriptions of this invention are for a condensing mirror to lead to 
a mask the X-ray generated in the laser plasma X line source of claim 1 , reduce 
the X-ray which the X-ray contraction exposure mirror reflected with the mask, 



and project on a semi-conductor wafer. According to this description, by the 
laser plasma X line source, since there is little generating of debris, damage on 
X-ray optics components, such as a condensing mirror of a semi-conductor 
aligner, a mask, and an X-ray contraction exposure mirror, or a vacuum septum 
can be prevented. Moreover, since an X-ray with high brightness is supplied to 
stability from a laser plasma X line source, exposure does not run short and the 
exposure time can be shortened. 

[0024] moreover, a target fuel injection equipment - even if it mixes a particle 
and a gas and irradiates a laser beam as a target, without injecting, heat 
conduction of the target which mixed the particle and the gas is small, since 
melting of a particle does not happen, generating of debris can be lessened, and 
X-ray conversion efficiency is better than the target of only a particle, and a 
gaseous target. 
[0025] 

[Embodiment of the Invention] Artificers invented carrying out a solid-state or a 
liquid with the target of the shape of a particle sufficiently smaller than the 
diameter of laser paying attention to the high X-ray conversion efficiency of a 
solid-state and a liquid target and the high brightness of an X-ray, and debris 



with few gas targets. And in order to be stabilized and to generate an X-ray, the 
target of the shape of a particle of a solid-state and a liquid was mixed into the 
gas, and it invented injecting and supplying into a vacuum housing. 
[0026] Moreover, the target with which artificers mixed the particle and gas of a 
solid-state or a liquid It confirms in an experiment that a breakdown threshold is 
the same as the breakdown threshold of the particle of a solid-state or a liquid 
about (particle mixing Gaster get is called hereafter) although the gas is included. 
Although it is a little smaller than the solid-state or liquid target of the shape of 
massive and a tape Compared with the target (a particle target is called 
hereafter) which consists only of a particle of a solid-state or a liquid, and the 
target (a gas target is called hereafter) which consists only of a gas, it discovered 
having big X-ray conversion efficiency. 

[0027] Below, the example of the semi-conductor aligner using X line source and 
it using particle mixing Gaster get is explained. 

[0028] (Example 1) The semi-conductor aligner using the laser plasma X line 
source which is the 1st example of this invention is shown in drawing 1 . A 
semi-conductor aligner consists of the X-ray generating sections 100 and the 
exposure sections 200 which generate an X-ray. The exposure section 200 



leads X-ray 14 generated in the X-ray generating section 100 to a mask 16 by 
the X-ray condensing mirror 15, reduces the mask pattern reflected with the 
mask 16 by the X-ray contraction exposure mirror 17, and projects it on a wafer 
18 (sample). The X-ray generating section 100 is explained in detail. The X-ray 
generating section 100 consists of the vacuum housing 5 which encloses the 
surroundings of a target, a target feeder 110 supplied in a vacuum housing 5 by 
using particle mixed gas as a target, laser radiation equipment 120 which 
irradiates a laser beam 2 at the particle mixing Gaster get 10, and a target 
recovery system 130 which collects the particle mixed gas in a vacuum housing 
5. 

[0029] The target feeder 110 is equipped with the supply nozzle 9 which injects 
the particle mixed gas built with the mixer 8 which mixes the particle tank 6 by 
which it filled up with the metal particle sufficiently smaller than the diameter of 
laser, the chemical cylinder 7 with which it filled up with rare gas, the metal 
particle supplied from the particle tank 6, and the rare gas supplied from a 
chemical cylinder 7, and the mixer 8 in a vacuum housing 5. 
[0030] Laser radiation equipment 120 is equipped with the laser beam generator 
1 which generates a laser beam 2, and the convergent lens 3 which converges a 



laser beam 2. Pulse width, such as an YAG laser and excimer laser, is several 
10 or less ns, and the laser beam generator 1 has that good in which the output 
per one pulse generates the laser beam 2 of several 10 J from several 10 mJ(s). 
A laser beam 2 is on the particle mixing Gaster get in a vacuum housing 5, and it 
converges it with a convergent lens 3 so that it may become several 10-100 
micrometers of numbers. In order to generate the laser plasma 11, the energy 
density on the particle mixing Gaster get 10 is 1015 - 1022 W/m2. Extent is good. 
[0031] The target recovery system 130 is supplied in a vacuum housing 5, and or 
it did not plasma-ize, it is equipped with the recovery duct 12 which draws the 
metal particle and rare gas which returned to the steady state, and a reclaimer 
13. 

[0032] In the vacuum housing 5, it is arranged so that the injection tip of the 
supply nozzle 9 and recovery opening of the recovery duct 12 may counter. The 
laser beam 2 from laser radiation equipment 120 penetrates the laser beam 
transparency aperture 4 prepared in the wall surface of a vacuum housing 5, and 
is irradiated by the particle mixing Gaster get 10 injected from the supply nozzle 
9. The inside of a vacuum housing 5 is maintained at the low voltage force by the 
vacuum pump (not shown). For example, if the pressure in a vacuum housing 5 



is set to 10-2 - 10~3torr and the pressure in the supply nozzle 9 is carried out 
more than Number torr, it spouts and the particle mixing Gaster get 10 will be in 
the condition of a fluid. And or it did not plasma-ize, the particle mixing Gaster 
get 10 which returned to the steady state goes into the recovery duct 12, and is 
removed from the inside of a vacuum housing 5. 

[0033] If the laser beam 2 completed as the particle mixing Gaster get 10 is 
irradiated, the metallic element and rare-gas molecule under particle mixing 
Gaster get 10 will ionize by carrying out dielectric breakdown (optical 
breakdown) optically by the powerful electric field of a laser beam 2 etc. the 
range through which the electron generated by ionization of a metallic element 
and a rare-gas molecule absorbs the energy of a laser beam 2 according to 
processes, such as reverse braking radiation, and is heated, and the laser beam 
2 of the particle mixing Gaster get 10 pierces - an elevated temperature - the 
high-density laser plasma 1 1 is formed. 

[0034] The electron temperature and the consistency of the laser plasma 1 1 are 
1 020-1 022-/cm3 at several 100eV or more and electron density in electron 
temperature, although it changes with the class of the metallic element 
contained in the particle mixing Gaster get 10, and element of rare gas, and the 



class and conditions of laser. It is good for the plasma of extent to occur. 
[0035] The X-ray of a continuous spectrum is emitted by the process of the 
freedom-free transition in braking radiation of the electron in the laser plasma 1 1 , 
and the recombination process of the plasma, or freedom-restraint transition 
from the laser plasma 11, and characteristic X ray is emitted by the process of 
the restraint-restraint transition in the recombination process of the plasma. The 
X-ray emitted from the laser plasma 1 1 is used in the adjoining exposure section 
200. 

[0036] Next, the relation between the number of the particles in a plasma-ized 
possible field and generating of an X-ray is explained. 

[0037] The relation of the configuration of a laser beam 2 and laser beam 
intensity distribution which were completed with the convergent lens 3 is shown 
in drawing 2 . It converges a laser beam 2 and laser beam reinforcement is as 
large as the place where a path is small. Although optical breakdown takes place 
[ laser beam reinforcement ] in the field beyond a breakdown threshold among 
the fields through which the laser beam 2 of the particle mixing Gaster get 10 
pierces and the laser plasma occurs, laser beam reinforcement does not 
generate the laser plasma in the field below a breakdown threshold. The field 



which the laser plasma generates is called plasma-ized possible field. 
[0038] If the path of a particle is smaller than the path of a laser convergence 
section cross section enough, the probability (K (x)) for x particles to exist in a 
plasma-ized possible field is expressed with a degree type according to Poisson 
distribution. Here, the particle consistency under V (m3) and particle mixing 
Gaster get 10 is set to n (/m3) for the volume of a plasma-ized possible field. 
[0039] 
[Equation 1] 

[0040] (However, alpha=nV) Therefore, if it substitutes in quest of the volume V 
of the plasma-ized possible field decided from the breakdown threshold of a 
particle (several 1) and the particle consistency n of particle mixed gas is 
changed, the particle in a plasma-ized possible field can be made into the 
number of desired by probability K (x). 

[0041] Next, the number of the particles which carry out optical breakdown with 
the number of the particles in the plasma-ized possible field when irradiating a 
laser beam 2 at the particle mixing Gaster get 10, and generating the laser 



plasma 11 is explained. In an experiment, the path of a laser convergence 
section cross section was set to about 10 micrometers using the laser beam 2 of 
the 2nd higher harmonic (wavelength of 532nm) of an YAG laser by output 
100m J / pulse (about 10ns of pulse width). In particle mixed gas, it is 0.5 
micrometers. The particle and rare gas of a path were used. 
[0042] The result of having measured the luminescence intensity distribution of 
the light at the time of irradiating the laser of one pulse in the direction of laser 
radiation (the direction of z of drawing 2 ), and making the laser plasma 
generating is shown in drawing 3 . If a particle (a metal particle and rare-gas 
molecule) plasma-izes and emits light strongly (i.e., if a particle carries out 
optical breakdown), it will become the peak of luminescence reinforcement and 
will be measured. When there are two particles which one peak appeared and 
carried out the optical breakdown of the (a) into the plasma-ized possible field 
when there was a particle which carried out optical breakdown in a plasma-ized 
possible field, as for (b), two peaks appear. 

[0043] A number (calculated value) of a particle which earned out optical 
breakdown of frequency distribution calculated using a number (experimental 
value) of a particle of frequency distribution which carried out optical breakdown 



at the time of irradiating the laser of one pulse and making the laser plasma 
generate, and the Poisson distribution of (several 1) is shown in every [ in a 
plasma-ized possible field ] average particle number alpha at drawing 4 . 
[0044] The average particle number alpha is about 1.5. Below, it turns out that 
calculated value and an experimental value are mostly in agreement, and the 
particle in a plasma-ized possible field carries out optical breakdown as 
theoretical. Moreover, the frequency in the condition (condition that breakdown 
is 0) that the laser plasma did not occur in this case even if it irradiated laser is 
high. 

[0045] On the other hand, the average particle number alpha is 6.6. The 
frequency distribution of an experimental value is shifted from calculated value 
by the case. That is, there are few particles which carried out optical breakdown 
in the experiment than calculated value. Since the particle which carried out 
optical breakdown absorbs a laser beam, if many particles carry out the optical 
breakdown of this, it runs short of laser beam reinforcement, and is considered 
because the particle beyond it cannot be broken down. However, if laser beam 
reinforcement is strengthened further, the number of the particles which carry 
out optical breakdown can be increased. 



[0046] Moreover, in this case, since the frequency (the number of the particles 
which carry out optical breakdown is the frequency of 0) where optical 
breakdown does not take place is 0, if a laser beam is irradiated, the laser 
plasma will surely be generated. Therefore, the direction of conditions of this 
level can make stability generate an X-ray, without making a laser beam useless. 
[0047] According to this example, the following effectiveness is acquired. 
[0048] In this example, X-ray conversion efficiency is better than a metal particle 
target and rare Gaster get by using the particle mixing Gaster get which mixed 
the metal particle and rare gas of a laser beam smaller than a path. 
[0049] Since particle mixing Gaster get has small heat conduction, melting of a 
metal particle does not happen by the periphery of the field which has irradiated 
the laser beam and a rare-gas molecule does not become debris, debris can be 
lessened. 

[0050] Although the volume of the particle mixing Gaster get through which a 
laser beam pierces is the same as the case of rare Gaster get, since a 
breakdown threshold is lower than a gas target as well as a solid-state metal 
target, its plasma-ized possible field is larger than a gas target. And since many 
metal particles and the molecule of rare gas are contained to this plasma-ized 



possible field and the number of the particles which carry out optical breakdown 
increases more than the case of a metal particle target and rare Gaster get, the 
brightness of an X-ray becomes high. 

[0051] Moreover, since the frequency where optical breakdown does not take 
place is 0, if a laser beam is irradiated, the laser plasma will surely be generated, 
and it can make stability generate an X-ray, without making a laser beam 
useless, since many particles exist in a plasma-ized possible field. 
[0052] Since a laser beam is irradiated by the target which injected the target 
which mixed a metal particle and rare gas in the vacuum housing 5, was injected 
and became a fluid and a target is always supplied to a laser pulse, stability can 
be made to generate an X-ray in this example. 

[0053] In this example, since the targets which were not plasma-ized are 
collected, the inside of a vacuum housing 5 can be maintained at low voltage, 
and since absorption of the X-ray by the gas in a vacuum housing 5 is prevented, 
loss of the generated X-ray can be prevented. 

[0054] What is necessary is to plasma-ize not only in a metal and just to 
generate an X-ray in this example, although the metal particle was used. 
Moreover, if the particle of a low-melt point point is used, since it will be more 



completely decomposed in the shape of an atom in a plasma-ized possible field, 
generating of debris can be controlled. 

[0055] Moreover, it is good for the element of the particle of a solid-state or a 
liquid, and a gaseous element to choose the element which generates the same 
characteristic X ray as the wavelength range of a desired X-ray. With the laser 
plasma, since the matter is ionizable to a very high valence, a K edge shell and 
not only an L shell but the characteristic X ray more than an M shell can be 
generated. For example, if the particle of elements, such as Sn and Sb, is used, 
since the characteristic X ray of an M shell of Sn, Sb, etc. is about 13nm, the 
about 13nm X-ray of a soft-X-ray field will be obtained. Moreover, even if it uses 
Xe which emits about 1 3nm characteristic X ray to a gas, an about 1 3nm X-ray is 
obtained. If the particle and Xe gas of an element, such as Sn and Sb, are mixed 
and it uses for a target, an about 13nm X-ray with brightness higher than the 
case where either is included in a target will be obtained. 
[0056] (Example 2) Drawing 5 explains the 2nd example of this invention. This 
example is an example which formed the equipment which collects the debris 
which disperses in the direction in which directivity is given to the X-ray emitted 
to the laser plasma X line source of the 1st example, and an X-ray is taken out. 



[0057] The laser beam 2 completed with the convergent lens 3 is irradiated, and 
the particle mixed gas injected from the supply nozzle 9 in the vacuum housing 
(not shown) is made to generate an X-ray like the 1st example. In this example, 
using the convergent lens 3 which completes a laser beam 2 as a line, the 
electron gun which irradiates an electron beam 22 around the X-ray emitted is 
prepared out of a vacuum housing through the aperture (not shown) of a vacuum 
housing (not shown), and the ion recovery electrode 24 which impressed the 
negative electrical potential difference to the surroundings of the X-ray emitted is 
formed further. 

[0058] If the laser beam 2 which it converged on the line is irradiated by the 
particle mixing Gaster get 10, the laser plasma 11 of the leaf coil former will 
occur, and many X-rays 14 in the direction of a major axis of the laser plasma 1 1 
will be emitted. Thus, if directivity is given to the X-ray emitted, an X-ray with 
large reinforcement can be obtained. 

[0059] If an electron beam 22 is irradiated at the debris 21 of the shape of the 
shape of a particle which disperses in the direction of a major axis, and an atom, 
the debris 21 of the shape of the shape of a particle and an atom will be 
cation-ized completely. The cation-ized debris 21 is lengthened by the ion 



recovery electrode 24, and is collected. The debris which plasma-izes and 
disperses in the shape of ion can also collect these recovery electrodes 24. 
Therefore, the debris 21 of the takeoff connection (not shown) of an X-ray can be 
reduced extremely, and damage on an X-ray optics component or a vacuum 
septum can be prevented. 

[0060] Moreover, you may prevent that debris 21 invades into the takeoff 
connection of an X-ray by changing the orbit of the debris 21 ionized in the 
magnetic field instead of the recovery electrode 24 which collects the debris 21 
ionized in electric field. 

[0061] (Example 3) Drawing 6 explains the 3rd example of this invention. This 
example is an example of the laser plasma X line source which irradiates the 
laser beam 2 to irradiate by two pulses with time difference in the laser plasma X 
line source which targets particle mixed gas. 

[0062] The laser beam branching delay optical system 26 is used as a means to 
generate two pulses and to irradiate. The laser beam branching delay optical 
system 26 is equipped with the beam mixer 29 which compounds the beam 
splitter 27 which branches the laser beam of the laser generator 1 , the mirror 28 
which makes the optical path of one laser beam of the branched laser beams 



longer than the optical path of the laser beam of another side, and two laser 
beams, and is again made into one laser beam 2. As for the pulse of two laser 
beams, irradiation time is delayed in proportion to the difference of an optical 
path. 

[0063] The laser plasma 11 occurs by the 1st pulse previously irradiated by the 
particle mixing Gaster get 10. And by the 2nd pulse irradiated by the degree, the 
laser plasma 1 1 can be heated and X-ray generating effectiveness can be raised. 
Moreover, by the 1st pulse, since it is heating by the 2nd pulse and the particle 
which was not able to be completely decomposed to the atomic condition can be 
decomposed further, generating of the particle-like debris out of a plasma-ized 
possible field can be controlled further. 

[0064] Moreover, you may make it the exposure approach of two pulses use not 
only when using the laser beam branching delay optical system 26 of this 
example, but two laser generators 1 . 

[0065] According to this example, high X-ray generating effectiveness is 
acquired, and it is effective in the ability to control generating of particle-like 
debris. 

[0066] (Example 4) Drawing 7 explains the 4th example of this invention. This 



example forms the eliminator 30 which divides a metal particle and rare gas into 

the target recovery system 113 in the 1st example, returns it to the original 

particle tank 6 and an original chemical cylinder 7, and is recycled. 

[0067] Therefore, according to this example, in being able to reduce an 

equipment maintenance and using expensive rare gas like Xe gas as gas, it is 

effective in the ability to have reduced the running cost. 

[0068] 

[Effect of the Invention] According to this invention, the following effectiveness is 
acquired. 

[0069] Since melting of a particle does not happen by irradiating a laser beam at 
the target with which the particle and the gas were mixed, it considered as the 
target, the target fuel injection equipment injected the target, and laser radiation 
equipment was injected, generating of debris can be lessened. Moreover, X-ray 
conversion efficiency is better than the target of only a particle, and a gaseous 
target. Moreover, since a target is always supplied to a laser pulse, stability can 
be made to generate an X-ray. Moreover, stability can be made to generate an 
X-ray, without [ which only the particle of the brightness of the X-ray which there 
are many particles which carry out optical breakdown since a plasma-ized 



possible field is larger than a gaseous target and many particles and a gas 
molecule are contained to a plasma-ized possible field, and is generated is 
higher than the target of only a target and a gas, and can be carried out ] surely 
generating the laser plasma, if a laser beam is irradiated again, and making a 
laser beam useless. 

[0070] According to the path of a particle being smaller than the path of the laser 
beam irradiated by the target, since many particles exist by the plasma-ized 
possible field, the brightness of the X-ray to generate can be made higher. 
[0071] By using rare gas for a gas, a rare-gas molecule is chemically stable, and 
since it does not become debris, generating of debris can be lessened more. 
[0072] By using the particle of the metal of a low-melt point point, generating of 
debris can be lessened more. 

[0073] By a target consisting of mixtures of the metal particles and rare gas with 
the almost same wavelength of each characteristic X ray, an X-ray with 
brightness higher than the case where either is included in a target can be 
obtained. 

[0074] When mix a particle and a gas, it considers as a target, and a target fuel 
injection equipment injects a target, it has recovery opening in which a target 



recovery system counters and carries out opening to the injection tip of a target 
fuel injection equipment, targets are collected and laser radiation equipment 
irradiates a laser beam at the target between an injection tip and recovery 
opening, the inside of a vacuum housing can be maintained at low voltage, and 
loss of the generated X-ray can be prevented. 

[0075] When it has the convergent lens with which laser radiation equipment 
converges a laser beam on a line and the laser beam which it converged on the 
line is irradiated by the target, an X-ray with large reinforcement can be obtained 
in the direction of a major axis of the plasma of the generated leaf coil former. 
[0076] Since there is little generating of debris at a laser plasma X line source 
when a condensing mirror leads to a mask the X-ray generated in the laser 
plasma X line source of claim 1, reduces the X-ray which the X-ray contraction 
exposure mirror reflected with the mask and projects on a semi-conductor wafer, 
damage on X-ray optics components, such as a condensing mirror of a 
semi-conductor aligner, a mask, and an X-ray contraction exposure mirror, or a 
vacuum septum can be prevented. Moreover, since an X-ray with high 
brightness is supplied to stability from a laser plasma X line source, exposure 
does not run short and the exposure time can be shortened. 



[0077] Moreover, even if it mixes a particle and a gas and irradiates a laser 
beam as a target, without injecting with a target fuel injection equipment, heat 
conduction of the target which mixed the particle and the gas is small, since 
melting of a particle does not happen, generating of debris can be lessened, and 
X-ray conversion efficiency is better than the target of only a particle, and a 
gaseous target. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the semi-conductor aligner using the laser plasma 
X line source which is the 1st example. 

[Drawing 2] Drawing showing the intensity distribution of the laser beam which it 
converged. 

[Drawing 3] Drawing showing the measurement result of the luminescence 
intensity distribution of the light at the time of making the laser plasma generate. 
[Drawing 4] Drawing showing a number of frequency distribution broken down in 
the plasma-ized possible field. 

[Drawing 5] Drawing showing the laser plasma X line source which is the 2nd 
example. 

[Drawing 6] Drawing showing the laser plasma X line source which is the 3rd 
example. 

[Drawing 7] Drawing showing the semi-conductor aligner using the laser plasma 
X line source which is the 4th example. 



[Description of Notations] 

1 [ - Laser beam transparency aperture, ] - A laser generator, 2 - A laser beam, 
3 - A convergent lens, 4 5 [ - A mixer, 9 / ~ Supply nozzle, ] - A vacuum 
housing, 6 - A particle tank, 7 - A chemical cylinder, 8 10 - Particle mixing 
Gaster get, 11 - The laser plasma, 12 - Recovery duct, 13 [ - Mask, ] -- A 
reclaimer, 14 - An X-ray, 15 - An X-ray condensing mirror, 16 17 [ Evacuation 
system, ] - An X-ray contraction exposure mirror, 18 - A wafer, 19 - An aligner, 
20 21 [ - Ion recovery electrode, ] - Debris, 22 - An electron beam, 23 - The 
debris, 24 which were ionized 25 - A power source, 26 - Laser beam branching 
delay optical system, 27 - Beam splitter, 28 [ - Piping for recycle, 100 / - The 
X-ray generating section, 110 / - A target feeder, 120 / - Laser radiation 
equipment, 130 / - A target recovery system, 200 / - Exposure section. ] - A 
mirror, 29 - A beam mixer, 30 - An eliminator, 31 
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